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Foreword 

This informs1 progress report of Project 

HW4, Grant No. NSG-499, is presented in four parts. 

The first three parts are sumaries prepared by the 

three graduate students who are presently supported 

under the grant. - E ? '  
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1, Sunnary of work of Xichard S. Greenfield 

The major eZZort on atmospheric breakers has been t o  extend the work previously 

reported by Greenfield (1963). 

those previously considered. 

solid,  nonrotating parabolic surface. Thereby, the  model can approximate a wave 

propagating over a mountain. The computations t o  determine the  i n i t i a l  breaking 

point of an  in te rna l  gravity wave i n i t i a t ed  i n  such a model are being carr ied out 

a graduate student on an IBpl 7094 t o  be used i n  h i s  Master's thesis.  

work is  being supervised by project personnel, In conjunction with t h i s  computation- 

a l  work, an attempt is being made t o  develop a perturbation solution :or t he  breaking 

point i n  t h i s  nodei, analogous t o  t he  solution derived by Greenfield 5or the  simpler 

model. 

A model has been developed which i s  more general than 

This model consists of a two-layer f l u i d  res t ing  on a 

The student's 

Also an e f f o r t  is  being made t o  locate data which might be useful i n  establish- 

ing the  va l id i ty  05 the  models as approximations t o  observable atmospheric phenomena. 

A l i t e r a t u r e  survey of the  work done on t h e  mesometeorological observational networks 

is  being done i n  connection with t h i s  aspect of the  research. 

primarily research too ls  fo r  gathering data on a scale which is  between one and two 

orders of magnitude smaller than the scale at which routine meteorological data is 

gathered. 

These networks are 

It is ant ic ipated tha t  both the computations and the perturbation solution for  

the latest model w i l l  be obtained i n  the near future. With these r e s u l t s  and those 

reported earlier, it i s  hoped t h a t  other aspects of the atmospheric breaker may be 

examined and conpored with atmospheric data obtained from one of the nesometeorologi- 

cal networks. 

Reference 

Greenfield, R. S,, 1963: An analysis  of breaking atmospheric waves, Final Report 
under Grant No, NSG-168-61, BRJMUBS PROJECT, 56 pp. 
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2. Sum;rary of work of Eugene Chermack 

Introduction 

In the  study of the  redis t r ibut ion and transmission of electromagnetic energy 

throtsgh the  atmosphere, gaseous absorption and molecular scatter has been given prime 

attention. 

droplets  has thus f a r  received scant attention. 

ical composition of the  atmospheric aerosol has been the  main drawback t o  the study 

of aerosol optics. 

of aerosol par t ic les ,  the  scat ter ing and absorption properties of the  atmospheric 

The e f f ec t  of par t icu la te  matter in the form of haze, dust, and canplex 

Lack of information as t o  the  phys- 

I n  principle, i f  one deternines the  composition and d is t r ibu t ion  

aerosol can be calculated. 

The work on t h i s  project 80 far has been tz the =tare of a literature search, 

some of the  results of which follow. 

The Atmospheric Aerosol 

The size dis t r ibut ion,  height distribution, and composition of the  atmospheric 

aerosol particles must be known before any answers t o  opt ica l  propert ies  can be ob- 

tained, 

tromagnetic radiation, for  t he  sake of brevity i n  t h i s  report ,  op t ica l  properties 

Although the  term "optical" applies s t r i c t l y  t o  the  v i s i b l e  region of elec- 

w i l l  maan a l l  electronagnetic t ransfer  properties including U-v, vis ib le ,  and 1-8. 

Junge's works (196k,1961b) did much to  fur ther  t he  knowledge of t he  aerosol. 

He found that, i n  the  range of the  opt ical ly  s ignif icant  particles, the  size dis- 

t r ibu t ion  of particles followed a simple inverse power law. 

cal analysis  of the  aerosol should prove an invaluable guide as t o  the  composition 

of atmospheric par t icu la te  matter. 

tions seemed t o  be rn4 and SO,. 

fractive index frequency dependence of ammonium sulfate,  

In  addition, h i s  chemi- 

The nost common rad ica ls  found i n  Jungeb collec- 

Currently t h i s  project  is concerned with the re- 

More recent work by Fenn (1962) has revealed an in te res t ing  fea ture  of aerosol 

s i z e  distributions.  

t r i bu t ion  as Junge has found but occurs ra ther  i n  d i sc re t e  size ranges. 

tude and s i z e  of these discrete d is t r ibu t ions  depends on t i m e  and local i ty .  

It appears that t h e  aerosol does not follow a continuous dis- 

The magni- 

However 



the p-.s of t.,e 

3 

lscrete concentratioas were found t o  l i e  along the  line of t he  

p r o f i l e  as found by Junge. This discrepancy between Sunge's and Fern's r e s u l t s  

probably arises from the  be t te r  s i z e  resolution obtainable through the  latter 's  

longer sampLing tines. 

of the  aerosol  can be constructed based on the  observations of Fenn and Junge, and 

thus the  model problem should reduce to one of aerosol composition (and therefore 

opt ica l  propert ies  as determined by the  re f rac t ive  index of the substance involved). 

Aerosol r e f r ac t ive  index 

It seems l ike ly  that  meaningful s i z e  and height d i s t r ibu t ions  

I n  general the  rezract ive index of a substance assumes a conplex form, the  

imaginary p a r t  or' which is  re la ted  t o  the degree of absorption a substance exhibits. 

Nan-absorbing pa r t i c l e s  w i l l  have a real ref rac t ive  indexi The index for a given 

substance is  a f-unction of wavelength and it is usual €or a se lec t ive  absorber t o  

have a real re f rac t ive  index over pa r t  of the  E-M spectrum and a complex re f rac t ive  

index i n  other regions of the  spectrum ( t h i s  is  true, f o r  example, i n  t he  case of 

water.) 

Much of the  l i t e r a t u r e  search so far has been concerned with the wavelength 

dependence of the recract ive index. 

determined about the indices of the inorganic substances found i n  aerosols. Van 

de Hulst (1957) tabulated some re f rac t ive  indices fo r  substances such as water and 

a few metals as a function of wavelength, but neglected t o  indicate  the  source of 

t h i s  information. 

t i v e  indices pertinent t o  the aerosol i f ,  as seeus t o  be t h e  case, these are not 

i n  the l i t e ra ture .  

Thus far, it appears that  l i t t l e  has been 

It may become necessary t o  determine experimentally the  refrac- 

I n  principle,  given a model p ro f i l e  and su i tab le  re f rac t ive  indices, one can 

calculate  such parameters as aerosol absorption cross  section, scat ter ing cross  

section and therefore  extinction cross sections as w e l l  as angular intensi ty  func- 

t ions,  Thus one obtains a l l  information necessary t o  determine the  absorption and 

red is t r ibu t ion  of E-M radiat ion by the aerosol, Several workers have done t h i s  on 

a limited basis. Fern (1962) has had calculations made fo r  carbon pa r t i c l e s  coated 
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with various thicknesses of water a s  a iunction of size parameter. He used a re- 

f r ac t ive  index of carbon of 1.59 - 0.66 i and did not consider i ts  wavelength 

dependence (if any existed.) Calculations were carried out by Deirmendjian (1960) 

fo r  several complex re f rac t ive  indices (mainly those suggested by van de Hulst) 

which fur ther  indicate  t h e  f eas ib i l i t y  05 calculations. 

The literature search w i l l  continue with hopes of finding pertinent r e f r ac t ive  

index data. Meanwhile the f e a s i b i l i t y  of an experimental program t o  determine the  

required indices w i l l  be considered. 

Bib1 iography 

Deirmendjian, D., R. Clnsen, and W. Viezec, 1961: M i e  scat ter ing with complex 
index of retraction. JOSA, v01. 51, pp. 620-633. 

Fen, R,, 19622 Personal communication. 

Junge, C. E., and J. E. ibnson, l961a: Stratospheric aerosol studies. JOUIM. 
Geophys. Res., vol. 66, pp. 216302132, 

Junge, C. E., C. W. Chagnon, and J. E. Manson, 1961b: Stratospheric aerosols. 
J. Meteor., vol. 18, pp. 81-108. 

van de Hulst, H. C., 1957: Light Scattering by Smal l  Particles. Wiley and Sons, 
New Yorlr, 470 pp. 
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3. Sunmary of work of Joseph S. Hogan 

The research work I have been engaged i n  since June may be divided in to  three  

parts: 

I. For a few months preceding June 1963, and during the  period from June 

through Mid-August, I had been direct ing my e f f o r t s  toward an evaluation of the 

magnitude of the  amount of ozone produced i n  the  lower atmosphere by e l e c t r i c  dis- 

charge phenomena associated with thunderstorms, and a comparison of t h i s  quantity 

with the  amount 02 ozone produced a t  higher leve ls  by the  photochemical processes 

accompanying the  a tmspher ic  absorption of solar  ul t ra-violet  radiation. 

To these ends I f i rs t  examined the  opinions expressed i n  the l i t e r a t u r e  and 

&"*. Fns.pd tt.!t tsT s&acfs of tl.-..-- . r u u G L a L  -A*LSCI ..--*..4.- ciii t h i o  subject, one hoiciing tiat thunder- 

storm production 02 ozone was quite  large while the other considered it negligible. 

Both of these opinions were based on large scase energy-dissipation estimates in- 

volving r a the r  questionable assumptions. 

ac tua l  physics of the problem in enough detai l  to uncover any f a l l a c i e s  i n  pre- 

viously reasoned arguments and thus obtain a more r e a l i s t i c  es thate  or" the  actual 

amount of ozone produced by thunderstoms. 

Vhat I attempted t o  do was examine the  

I found that the l ightning process is an extremely complicated one and tha t  

a l l  of the parameters involved vary widely over t h e  globe and with time i n  any one 

place. 

"stepped-leaderl', three-stroke, cloud t o  ground flash; ra ther  realistic averages 

of the  cloud he%ghts,current magnitudes and t i m e  scales are avai lable  for the  de- 

sc r ip t ion  of t h i s  iztypicalli phenomenon. 

physics of t h i s  phenauenon i n  f i n e  d e t a i l  and thus obtain an estimate of the  prop 

ducts of such a process t o  determine the  mount of ozone which would result .  

S t a t i s t i ca l ly ,  however, one type of l ightning discharge is  most comnon, a 

It was hoped t o  eventually treat the 

I attempted t o  explain the stepped-leader process by f i r s t  examining a highly 

simplified model: a cyl indrical  volume throughout which electrons are uniformly 

d is t r ibu ted  is considered t o  exist i n  otherwise empty space i n  which an external 

electric f i e l d  is directed along the axis of the  cylinder. This volume is allowed 
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the internally produced f ie ld ,  and t h e  f i e l d  vector 

a t  points both inside and outside the charge d is t r ibu t ion  i s  computed for  d i f fe ren t  

times after release, 

deduced. 

be described by two cmponents, axial and rad ia l ,  These two camponents are exactly 

expressible only i n  terms of two inpossible volume in tegra ls  which must be approxi- 

mated numerically-graphically. 

llilus t he  motion 02 the  charge under these conditions can be 

The synnetry of the  model allows the  resul tant  electric f i e l d  vector t o  

Not being ab le  t o  program these  integrations dde t o  my unfamiliari ty with corn- 

This work puting machines, I began t o  approximate the in tegra ls  by manual methods. 

became overly the-consuming and burdensone so that toward t h e  latter par t  of the  

Bummer I decided t o  abandon it for  the t h e  being with the  thought of returning t o  

it a f t e r  vacation i n  September and of bet ter  acquainting myself with couputer meth- 

ods i n  the inter in ,  

I decided on the advice of my advisor t o  discontinue my work in t h i s  f i e l d  and 

t o  engage i n  some other research in which I had i n t e r e s t  and which might lead di- 

r e c t l y  t o  a doctoral dissertation. 

11. 

mid-Navenber, I was engaged in  seeking out a sui table  area of research which might 

lead t o  a doctoral d i sser ta t ion  and a t  t he  samc time be of i n t e re s t  t o  NASA and 

myself. 

atmospheres as w e l l  as neetings with C, Prabhahra and SI I. Rasool 05 t he  I n s t i t u t e  

fo r  Space Studies, These gentlemen offered several in te res t ing  problem fo r  lily con- 

s iderat ion and suggested nany related reaclings. Out of the  many problem areas which 

w e r e  considered, I f e e l  tha t  my energies night best  be spent i n  an investigation of 

the  physical properties and circulat ion of t h e  planet Jupi ter .  

planet is scanty. Its composition i s  guessed at, i t s  temperature range is unknown, 

and even i t s  physical appearance which is  c lear ly  observable with a large telescope 

is  anything but c lear ly  understood. 

done on t h i s  planet, as compared w i t h  the nany investigations of Mars and Venus. 

From thc t h e  of our meeting with Dr. Jastrow in ear ly October, u n t i l  

This investigation involved general reading i n  the  f i e l d  of planetary 

Knowledge of t h i s  

I n  addition, l i t t le  formal research has been 
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During the  time iientioned, therefore, I faa i l i a r i zed  myself with general back- 

ground materia?. on Tlanetory atwspheres, decided on a f i e l d  of research i n  which 

t o  proceed, an2 builC up e sizeable biblfozraphy on the planet Jupizer i t s e l f .  

111. In uid-i?oveaber, I set aside -si work on Jup i t e r  teuporarily t o  give tine 

t o  a problem in vhick W S A  anC Dr. Rasool Ei;;self a r e  apparently great ly  interested-  

the  ozone d i s t r i j u t i o n  and consequent heating on l&rs. 

ships  derived Cor photo-cheitical equ i l i i r i ua  i n  the ear th 's  atnosp:xrc, I substitu- 

Using the sane re lat ion-  

ted Mertian values :or tSc various paraueters t o  obtain a solution for the W r t i a n  

atmosphere. Ci-is had already been done by others  who assumed a s u r h z e  pressure of 

-20 ab. It has recently Seen shown, however, tha t  the Martian surface pressure 

5s-20 mb and, since the solution of the e q u l l f h i u n  equations is  qui te  sensi t ive 

t o  pressure, the calculations nust  be rezone. To obtain a solution Cor the ozone 

d is t r ibu t ion  an f t c r a t tve  procedure was used. Firs t ,  it was asswed t h a C  no ozone 

vas present and tilat a l l  attenuation 02 solar  u l t ra -v io le t  l i g h t  was Fade by molecu- 

l a r  oxygen, an6 a preliuinary ozone d is tz i 'h t ion  w a s  obtained i n  t h i s  way. 

values of ozone d e r  density w e r e  substi tuted back into the equations and new 

These 

values (smaller) obtained. This sane procedure was repeated again. 

The r e s u l t s  of ny calculations indicate the  presence of an ozone layer on 
12 Mars with a ~axirnrm of -10 ozone molecules per cm3 a t  a height of -25 I.- and a 

t o t a l  ozone content of 0.17 an AIM. 

counterparts on earth, 

These values are not very d i f fe ren t  from t h e i r  

The value of 0.17 u kfE.i is above an upper l i m i t  set on t he  

ozone content on I&rs of 0.05 CZA AB1 by spectroscopic observations. This can only 

mean that t h e  auount of oxygen actual ly  present on Mars nust  be scraller than the  

value we have assuned - how much smaller I intend t o  deternine. 

the ozone p ro f i l e  I have determined heating r a t e s  which a r e  ra ther  h k h ,  

Recently, from 

But since 

a pore m o d e s t  estinate of oxygen content w i l l  lower the  ozone content, the  heating 

rates w i l l  a l so  be reduced. I am working on t h i s  aspect of the  problem a t  present. 

When more d e r a t e  hcating r a t e s  a r e  obtained, I intend t o  determine a temperature 

p ro f i l e  for Mars also. 


